Epidemiologic evidence and several case reports suggest that Escherichia coli causing urinary tract infection (UTI) may be transmitted between sex partners. In order to test this hypothesis, urinary, vaginal, and fecal E. coli isolates from 19 women with UTI were compared with E. coli found in random initial voids from their most recent male sex partner. E. coli was isolated from 4 of 19 male sex partners. In each case, the E. coli isolated from the man was identical by pulsedfield gel electrophoresis and bacterial virulence profile to the urinary E. coli from his sex partner.
[2] may cause trauma as well as move vaginal or bowel bacteria identified using the same protocol as for women.
(or both) to the urethral opening, facilitating ascent to the bladFor vaginal specimens, participants inserted a regular-absorder [1] . Sexual activity may also transmit uropathogens. First bency Tampax tampon prior to urinating and removed it after. The UTI diagnoses rapidly increase around the age of first sexual tampon was immediately rolled on a quadrant of a trypticase soy intercourse [3] . Using data from a cross-sectional survey among agar plate with 5% sheep blood and also on MacConkey's agar college students and methods described previously [4], we esti- mated that initiating sexual activity of any type increases UTI Plates were streaked for isolation using a sterile loop. Cultures risk 3.5-fold (95% confidence interval: 2.5-5.1).
were incubated for 18-24 h in a candle jar at 37ЊC.
For fecal specimens, UTI patients were instructed to rub a rayonIn order to test our hypothesis of sexual transmission of UTI, tipped swab into the rectal opening, remove, and place in transport we used pulsed-field gel electrophoresis (PFGE) to compare media (Cultureswab Transport System; Difco, East Molesey, UK).
Escherichia coli causing UTI in 19 sexually active women to Swabs were streaked for isolation on blood and MacConkey agar.
the E. coli isolated from random initial stream urine specimens
The last 3 isolated colonies from each MacConkey plate and all from their most recent male sex partner.
morphologically distinct colonies were identified. This method detects the predominant E. coli Ç97% of the time [6] . Apparent enteric bacteria from any site were identified using the API-20E
Materials and Methods
system. Concerns about feasibility and cost prevented us from Study protocol. We enrolled consenting women aged 18-40 collecting fecal swabs from male participants. who presented to the University of Michigan Health Service during Definitions. A UTI had to include clinical diagnosis, two or fall 1995 with a UTI diagnosis, two or more urinary symptoms, more urinary symptoms, and §1000 cfu of E. coli/mL of urine. and a urine culture positive for E. coli; who had had recent vaginal Any E. coli isolated from male urinary specimens was considered intercourse; who were not pregnant, diabetic, or recently cathetersignificant. ized or hospitalized; and whose most recent male sex partner parTotal DNA isolation, dot blots, and Southern blots. We perticipated. Men enrolled within 4 days of the woman. Participants formed crude DNA isolations for dot blots as previously described independently completed a self-administered questionnaire regard- [5, 7] . For Southern blots, larger amounts of purified total DNA ing medical and sexual history. Couples were compensated ($50).
were prepared, and the DNA was digested and transferred as described previously [5, 7] . Dot blots and Southern blots were hybridized to digoxigenin-labeled DNA fragments as previously described [5, 7] . We performed dot blots in duplicate for each probe;
in a subclone pRP7 to identify CapIII gene clusters [8] . Isolates positive for prf by dot blot were analyzed for P fimbrial adhesin subtypes pap GJ96 , pap GIA2 , and prs GJ96 , using type-specific DNA probes. The probes for pap GJ96 , pap GIA2 , and prs GJ96 were isolated directly by PCR using primer pairs (5-CTGTCAGGCTGTAAT-GATGC-3 and 5-CAGGATAGAAACATATACGGGCA-3; 5-GGAGACGTTAACTCTTATCAGG-3 and 5-CCAAGTAAC-TCGCGAAATGACG-3; 5-CTGTCAGGCTGTAATGATGC-3 and 5-AATCTGGCGTTCAGGGTAACAC-3, respectively) derived from GenBank sequences (accession nos. M20146, M20181, and X61238) and total DNA from strains J96 (pap GJ96 and prs J96 ) and C1212 (pap GIA2 ). We amplified (30 cycles: 95ЊC, 1 min; 60ЊC, 30 s; 74ЊC, 30 s) using a Microcycler thermal cycler (Eppendorf, Fremont, CA). PFGE. Purification, rare-cutter restriction, and PFGE of minimally sheared E. coli DNAs were performed as previously described [5] .
Data analysis. We used Filemaker Pro and Microsoft Excel for data entry and SAS for data management and analysis.
Results
We invited 149 women to participate. Of these, 86 (58%) of 21 of 28 women participated. Two pairs were excluded because the date of last sexual contact of the male was prior to that reported by the female, leaving 19 couples. Female participants were younger than their partners (mean, 22.4 years E. coli was isolated from the vagina but not the rectum. Among cases with adequate fecal specimens, there was only 1 in which [SD, 4.6] vs. 24.8 [SD, 6.1]), and 32% reported a UTI history.
Four (21%) men had E. coli in their urine (95% confidence we failed to isolate a uropathogen from either the vagina or feces. interval, 3%-38%); colony counts ranged from 2000 to 10,000 cfu/mL. Four men reported urinary symptoms: 2 of 4 colonized Each UTI isolate was distinct by PFGE or plasmid profile or both. On the basis of 12 bacterial virulence factors, we men reported urgency, 1 of 15 uncolonized men reported painful urination, and another uncolonized man reported chills and observed 12 unique virulence profiles; profile was not associated with co-colonization, although 2 of 4 co-colonized couples back pain. No man sought treatment for symptoms at the Health Service.
were colonized with E. coli positive only for fim. We used previously published data to determine the probaBy virulence profile and PFGE, the E. coli in the colonized men was identical to the E. coli found in their sex partner's bility that we would observe co-colonization of couples by chance alone. By virulence profile and Southern blot analysis urinary, vaginal, and/or rectal flora (see figure 1) . Lanes B2 and B4 have a high-molecular-weight band missing in B1 and
[7], we previously identified a minimum of 125 distinct E. coli uropathogens. The probability that in 19 samples we would B3, which is substantially less intense than all other bands. This may represent partial-digestion products or possibly a select 19 different isolates from 125 possible is .24; thus, 125 is probably a conservative estimate. The frequency of each of plasmid. Lane C1 has a similar band missing in C2 and C3. One woman with a colonized partner did not have E. coli in the 125 strains ranged from .005 to .06 [7] . Under the conservative assumptions that there are only 125 E. coli uropathogens, her vagina; another had an inadequate fecal specimen.
Most women (15/19) carried E. coli in their vaginas, and all and that the probability of male colonization is the observed 4/19, the probability that a man would be colonized with the 18 with adequate fecal specimens carried E. coli in their rectums. In 11 cases, bladder, vaginal, and rectal E. coli had same strain as his sex partner by chance alone ranges from .001 (.005 1 4/19) to .013 (.06 1 4/19) if all strains are equally identical virulence profiles. By virulence profile, there were 4 cases in which the uropathogenic E. coli was isolated from the likely to be transmitted. Assuming the samples in the current study come from the distribution previously observed in the rectum but not the vagina and 2 in which the uropathogenic 125 strains [7] , and that co-colonization occurred in 4 couples, sectional, we could not determine the direction or mode of transmission or whether colonized men are at risk of UTI. the probability of observing co-colonization with the identical organism all four times by chance alone is .00000006.
Although no known bacterial virulence factor, virulence profile, or behavioral factor was associated with colonization of both While the numbers are extremely small, co-colonized partners had more lifetime sex partners (for women, a mean of partners, our numbers are too small to make any definitive conclusions. Larger, prospective follow-up studies are needed 13 and the impact of transmission on the occurrence of symptomatic infection. Colonized men had engaged in sex with their study partner more recently (1.5 vs. 2.8 days, P Å .13) but presented for culture only slightly sooner than noncolonized men (1.5 vs. 1.9 days, P Å .70). There was little or no difference in frequency or from female to male [9-11] and one from male to female 4. Geiger AM, Foxman B, Gillespie BW. Epidemiology of vulvovaginal [12] . Among servicemen in the British Army, married men candidiasis among university students. Am J Public Health 1995;85:
accompanied by their wives compared to unaccompanied men 1146-8. had a 11.9-fold increased risk of UTI [13] . the same city (4.9%) [15] . E. coli sharing electrophoretic type in asymptomatic male sex partners. As our study was cross-
